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How Westinghouse Engineers Made Vi-
brating Turbine Generators Calm Down
fEP-HEE.'
WHEN the two-pole turbine gener-
ator came along, it was hailed as
a great thing. And it was. It delivered
enormous amounts of amps and volts,
did a titanic electrical job. But . . .
Its rotor vibrated and endangered the
alignment ofthe bearings, collector rings,
and brushes. Its stator vibrated and
made the foundations tremble. And, to
make bad things worse, the vibrations
were different from those found in the
four-pole 1800-rpm machines—and they
couldn't be eliminated by the usual bal-
ancing methods. Engineers had a tough
problem on their hands.
Westinghouse engineers studied the
rotor and found that it was acting like a
two-by-four piece of wood. A two-by-
four sags more lying flat than lying on
its edge. It was the same with the long,
slender, two-pole rotor. It sagged more
lying one way than another.
ED HECE-
This wag why: Along two sides of the
rotor, deep lengthwise slots were cut for
the field windings. Naturally, the rotor
had more give on the slotted sides than
the solid sides. So, as the rotor turned,
the give in the slotted sides made the
downward force on the rotor supports
change twice each revolution. The result:
the rotor made the machine vibrate 120
cycles a second.
What to do?
Dummy slots in the solid sections of
the rotor would have equalized its rigid-
ity. But Westinghouse engineers did
something better. They cut several
grooves across the solid sections. These
grooves made the rotor's rigidity equal
on all sides, without disturbing the
magnetic flux. The turbine generator
worked at top efficiency, the vibration
at the supports was reduced 88%, the
rings, brushes, and collector rings didn't
take such a shaking-up.
VJl-^e IN THE /
GfeOOVE JOE.
That took care of the rotor. But West-
inghouse engineers also had to figure out
what to do about the stator vibration.
Massive as it is, the stator was being
pulled out of shape, first on top and
bottom, then on the two sides. The
400,000-pound magnetic force of the
two-pole rotor was doing the pulling as
it turned.
Of course, the change in the stator's
shape was too minute to be seen. But it
could certainly be heard. For this change
in shape was transmitted to the stator
foundation as a 120 cycle vibration.
From the foundation this vibration
travels to floor and walls, making them
hum.
To put a stop to it, Westinghouse en-
gineers developed a special, flexible
mounting for the stator. It is as though
the stator were supported on two sets of
links. One set goes along with the stator
when it vibrates horizontally, but doesn't
budge when the stator vibrates vertically.
The other set goes along with vertical
but not with horizontal vibrations.
The effect of this ingenious arrange-
men is that there is no motion at all
where the links are attached to the stator
foundation! The vibration at the sup-
ports is reduced by 75%, the noise low-
ered to less than ordinary power station
noise kvels!
The job was done. Stator vibration
was absorbed. Rotor vibration was
calmed down. Westinghouse engineers
had 3600-rpm, two-pole turbine gene-
rators pouring out great electric power,
and making no more vibration than
machines running at half their speed.
f<^.A•^ ^ \
P- The electrical industry was through
with that vibration trouble for good.
This is a typical Westinghouse story. It's
typical because it's a story about en-
gineers.
There are 3500 engineers in Westing-
house. They're in all branches of the
business . . . management, research,
sales, design, service, testing. They shape
the company's attitude toward its work.
Engineering is the heart of our busi-
ness. Engineers create our products.
Engineers solve our problems. Engineers
determine our success.
Westinghouse
"An Engineer's Company," Westinghouse Electric & Manufacturing Co., Pittsburgh, Pa.
u.iivt«Kry
JANUARY * 1942
This Issue ...
Investigations in Reinforced Concrete 7
IJy Williain G. Murphy
Optical Highlights 10
IJj Kobert K. McCleary and Sheldon J. I^eavitt
Names in the News 12
By William li. Srhinitz
Sky Hooks or New Springing 14
By Kobeit K. McCleaiy
Technocracked IS
By i:(hvaid C. Tudor
THE TECHNOCRAPH
Staff . .
.
I )onalii K. Stevens Editor
Robert D. Cote Office Manager
Melvin Hiirwitz Editorial Assistant
MAKE-UP AND ART
Sheldon J. Leavitt Assistant Editor
James Austin Photographer
Norman Pintchuk. Sydney Wood. Edward Habicht,
John Graper Editorial Assistants
EDITORIAL DEPARTMENT
Robert E. McCIeary Assistant Editor
William G. Murphy. Hayward L, Talley, William
R. Schmitz, August Uttich Editorial Assistants
Richarii \V. La;iilnn Business Altuui'/cr
Jay ( lossett Advertising Assistant
John Morris Subscription Manager
Eugene Wallace. John Graper, Warren Howard
Subscription Assistants
William Beich Circulation Manager
Ale i Green Circulation Assistant
Henry P. Evans Faculty Adviser
MEMBER OF EXGIXEERIXG COLLEGE MAGAZINES
ASSOCIATED
Arkansas Engineer, Colorado Engineer, Cornell Engineer, Drexel Tech
nical Journal, Illinois Technograph, Iowa Engineer, Iowa Transit, Kansas
Engineer, Kansas State Engineer, ilarquette Engineer, Michigan Technic,
Minnesota Techno-Log, Missouri Shamrock, Nebraska Blue Print, New
^'ork Cniversity Quadrangle, North Dakota Engineer. North Dakota
State Engineer. Ohio State Engineer. Oklahoma State Engineer. Oregon
State Technical Record, Pennsylvania Triangle, Purdue Engineer. Rose
Technic. Tech Engineering News. \'il!anova Engineer. Washington
.State Engineer, Wayne Engineer, Wisconsin Engineer.
Published Kisht Times Yearly by the Students of the
College of Engineering, University of Illinois
Published eight times during the year (October, Novenilier, I^eceni-
ber, January, February, March, April, and May) by The Illini Pidilish-
ing Company. Entered as second class matter, October 30, 1921, al
the post office of Crbana, Illinois. Office 213 Engineering Hall.
Crbana. Illinois. Subscriptions, SI.00 per year. Single copy 20 cents.
Reprint rights reserved by The Illinois Technograph.
NoGUNS tvithout GAGES
Parts for guns and gun mounts are made
in different factory departments, often in
different factories. Without thousands of
gages of all kinds, it would be impossible
to control manufacturing operations so
the finished parts fit when they come
together.
Greenfield Tap and Die Corporation
is one of the largest and oldest gage man-
ufacturers in the country.
GREENFIELD TAP AND DIE CORPORATION
GREENFIELD, MASSACHUSETTS
tf^GREENFIELD
TAPS DIES • G«GES TWIST DRILLS REAMERS . SCREW PLATES • PIPE TOOLS
Making Hell-Buggies in a hurry!
It's the first tanks, bombers
and guns that make the head-
lines. But it's their steady
day to day production that
really counts. And it's keep-
ing machine tools operating at
top efficiency that makes this
possible. This calls for the
regular grinding and condition-
ing of every tool and die...
a
task that is done in the tool
rooms of industry, where
Carborundum-made grinding
wheels are doing one of their
most important defense jobs.
Thousands of vital parts are be-
ing turned out by the reamers,
milling cutters, broaches, hobs,
drills, taps and dies that
Carborundum-made tool-room
wheels help keep at work on the
production lines. Carborundum
Brand Diamond Wheels are speed-
ing the grinding of cemented
carbide tools, and special
Aloxite Brand ''AA" and other
types of cool-cutting wheels
are grinding tools of steel.
As Engineers in Industry you will
find that our outstanding research,
manufacturing and engineering facil-
ities enable us to render a real
service on tool-room grinding, or
any other job that calls for grind-
ing wheels or coated abrasives. The
Carborundum Co., Niagara Falls, N.Y.
('nrliurundum iinil Aloxite Hn- rvKi>tere(t trudc niurka ol
and indicate niunufacture byThe Carburundum Company.
CARBORUNDUIA
THE TECHNOGRAPH
i
The Dozerpod Might Have
Served Adam
but . . .
. . Mechanized Equipment Does It for Uncle Sam
Back of beyond where defense begins, bulldozers and powerful
tractors are car\ ing out roads and supply lines where such
were never dreamed of before. And in these hard-working
machines are quantities of tough New Departure ball bearings,
forged of the finest steel for high capacity and long life in
their vital jobs.
New Departure, Division General Motors Corp., Bristol. Conn.
New VepanXUne
BALL BEARINGS / FOR DEFENSE
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'Symbol of Illinois Research . . ."
TAI.BOT LABORATORY CRANE RAY
Outstanding Research
. undet the Orange and Blue
By William G. Murphy
Junior in C'ivil Engineering
lilt [ nivtrsity of lUinrjis is one of the htst scliooh in
the country today, yet her reputation isn't spread far and
icide by her graduates as is the reputation of M.I.T. and
(Jal, Teeh. One reason for this is the iijnoranee of students
of the haeki/round of historic iiork iihich has made Illinois
the oulstandiiiy university of its kind in the norlil.
THE TECllSOGRAPll nil/ attempt in a scries of
articles to outline ivhat has gone toward making this the
best school in the country. Me hope that this series ivill
be a step toicard the rallying of the student body around
the colors of Illinois to give her the credit she deserves for
developing the men nho become leaders of our country.
Test Frames Under Sustained Loading
Investigations in Reinforced Concrete—1903-41
Since 1Q(I3, when the Engineering Experiment Station
was estabh'shed by the Board of Trustees, a large percent
of the investigations in the field of concrete has been done
at the laboratories of the University of Illinois. Much of
this experimentation has been directed by Prof. A. N. Tal-
bot, whose work was given impetus by the organization of
ASCE, ASTM, AREA, and other societies to promote
investigation in concrete.
Consequenth , Talbot conducted a series of tests on
reinforced concrete which were published in Bulletin No. 1
of the Engineering Experiment Station. The years 1904-09
saw a series of tests on reinforced concrete columns, foot-
ings and culvert pipe. The findings of Prof. Talbot and
his assistants were reported in bulletins published by the
newly founded experiment station.
With these early developments in testing as a basis, the
department expanded, with the men conducting individual
investigations as well as cooperative work. Assisting Dr.
Talbot at this time were W. A. Slater and D. A. Abrams.
Abrams conducted an elaborate series of tests on bo[id hi
the years 19().S to 1912.
Prof. Talbot, Slater, Abrams, and others made a series
of tests on the use of concrete in building structures in
1910-11. These tests were made by selecting large concrete
buildings in the larger cities, placing loads on a certain
floor, and measuring the effects such as the deflection on
the floor and deformations of the materials composing the
floor.
These early experiments led to the development of the
strain gage by which the stretch or shortening of material
under a strain can be measured. This instrument is accur-
ate to one millionth of an inch.
The results of these early tests were included in the
report of the joint committee in 1917. The findings led
to a second committee to continue in the study of the prop-
erties of reinforced concrete, which reported in 1924.
The investigations were showing their effect in the im-
provements in the design of buildings by this time, and the
Frontlspieee—left—The :i,(10().()(l() pound ti)rce of the largest festiiiv
forced eonerete investigations reported aliove.
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tests were continued with a series on the failure of concrete
beams. The department attacked this problem by designing
their beams to fail for dififerent reasons; namely, shear,
steel failure, bond failure, or concrete crushing. For their
findings, they attempted to improve the design of reinforced
concrete beams and columns.
Next, Talbot and Richart made investigations in the
field on plain concrete and developed the cement-space ratio
method of determining the strength of concrete. Their
theory of proportioning is not greatly publicized, but it is
used in this state by the highway department. When D. A.
Abrams left Illinois, he began a series of experiments for
the Portland Cement Association, and he developed his
water-cement ratio theory. Since the PCA freely distrib-
uted the bulletin containing his findings, Abrams' theory is
more widely used. The Talbot and Richart theory has
certain definite advantages in determining the qviantities of
materials to be used, however.
The development of a new formula for the design of
columns was the next project of the Department of Theo-
retical and Applied Mechanics. They tested approximately
300 columns ranging from 8"x5' to 32"x20', using a com-
pressive force of nearly 3,000,000 lbs. in the latter. Again
they succeeded and a new formula was developed. About
this time the stress due to the shrinkage and plastic flow
of concrete in the reinforcement caused .some concern, but it
was proven to be of no effect on the load carr\ing capacity
of the columns.
The new column formula was reported h\ the third
joint committee of ASTM, ASCE, ACAE, and AIRE in
1940. The American Concrete Institute has included the
formula in their publication of Building Regulations for
Reinforced Concrete with an attempt to get the formula
used extensively in building throughout the countr\
.
Tests to determine the shrinkage of various kinds of
cement, and tests to determine how the properties of con-
crete are affected by the speed of casting were performed
next.
niaelilne in Talhol l.alioralor.v Crane I5a,v «as used in the rein-
Lfit: Sialic and almliiMiilN ha\(' liccii
tested e\leiisivelv in recent years. Noliee
the '.MI.(Mlll-lh. dynamometer and jaek lur
liiadim;.
Beliiw: Column tests are l)asie in ma-
terial, and stress-strain relationships were
earrled into structure studies.
Ill 1933, Plot. Richait startfil a scries of tests on coin-
binatioiis of timber and concrete in a beam or slab. In
such members the lower part of the beam is timber, the
upper part concrete. A dozen states now have bridges
using this method of construction because it combines the
lesser expense of the timber with the advantages of rein-
forced concrete. Some of these advantages are: the smooth
surface freedom from moisture rotting, partial fireproofing
and water proofing. This combination of timber and rein-
forced concrete has been used for the construction of wharfs,
heav>' duty floors, and airport runways, as well as highway
bridges.
The biggest investigation in recent years is the study of
concrete bridge floors which is sponsored by the State High-
way Department on typical examples from which a general
conclusion is reached to apply to all cases. In the first
tests, rectangular slabs with concentrated loads and vari-
ous conditions of strengtii and support were used. Next,
models of solid concrete slabs resting on abutments not more
than 30 feet apart were tested, then tests were made on
models of slab and stringer bridges of aroinid 60 foot
spans. These consisted of five parallel stringer beams of
steel with the concrete floor on top. This type of structure
is economical in the field, since the I-beams make it possible
to do away with the falsework necessary in pouring the
concrete. Finally the tests were applied to skew slabs
which have been developed to eliminate the bending of a
road to cro.ss a stream at right angles. Now the bridge is
designed with a skew slab to allow for this curve.
The most important part of this investigation is in tlie
mathematical formulas which must be developed to make
computations for designs. These computations provide a
valuable check on the analysis. Dr. W. N. Newmark and
Dr. V. P. Jensen are at work on this phase of the investi-
gations which, according to Prof. Richart, is the most diffi-
cult part of the work.
No account of the concrete work at Illinois would be
complete without an outline of Prof. W. M. Wilson's
work on reinforced concrete bridges. He started about 20
years ago with a single sp;ui arch bridge having interaction
between the arches and the columns supporting the road-
way. From here he started on more elaborate tests on
three-span arch bridges, with the arch supports mounted on
platform scales which enabled him to measure the vertical
reaction, the horizontal thrust, and the bending moment
due to any loads which he wanted to apply to his structure.
There is a model of this experiment in Engineering Hall
on the second Hooi'.
Profs. Wilson and Richart ha\e made experiments with
the rigid frame type of bridge also in the last few years,
and such .structures are now in general use throughout the
country, for grade separations, especially. They provide an
economical means of separating the grades, permitting more
cleaiance with less depth of the fill.
It would seem as if the research men at Illinois had
covered every possible angle to the use of reinforced con-
crete, but instead they keep right on making investigations
hoping to find something new, or if the\' can't find any-
thing new they attempt to pro\e or disprcne more conclu-
sively the findings of previous tests. All of the men are
active in national concrete organizations and they are the
leaders of their organizations because they take such an active
interest in their work. Many have gained world recogni-
tion as experts in their field.
In addition to the research work, much time and effort
is spent in the development of test books which present the
material to the undergraduates. The combined progress of
research and teaching go hand in hand to give the under-
graduates the greatest possible opportunities.
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How can a throat microphone
help win battles?
Two microphones fit against the sides
of his Adam's apple. He doesn't hare
to hold this"mike"— his hands arefree.
This throat microphone is something
new—made by Western Electric for
the nation's air forces.
It picks up the vibrations from the
flyer's vocal cords. Motor roar and
machine-gun chatter don't get in to
drown out his radio message. And
the battle's outcome may depend on
that message getting through.
This important device was devel-
oped by Bell Telephone Laborato-
ries, pioneers in the field of aviation
radio, and was made in the same
workshop as your Bell Telephone.
It is among the many benefits
which have grown out of Western
Electric's long experience as manu-
facturer for the Bell System.
Western Electric . , .is back ofyourBell Telephone service
JANUARY, 1942
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NAMES
/;/ the news
By William R. Schmitz
Freshman in (.' hcmical I'^ngiiicerinti
BILL BLOOD
Acti\ity mail Hill Blood is president of Caission Club,
member of Scabbard and Blade, Plateau and Drum, Blue
Pencil, A.S,ALK., Cadet Captain of Field Artiller\-, on the
military and athletic councils, senior wrestling manager, and
has worked with Illio and in Men's League. He is also
president of Skull House.
One of his main hobbies is horseback riding, being the
general manager of the recent Horse Show put on by the
Caission and Cavalry Clubs. He especialh likes to partici-
pate in intra-mural sports, including: Wrestling, football,
basketball, swimming, tobogganing, skiing, and boat riding.
Since Bill is senior wrestling manager he has had a
chance to visit other of the Big Ten schools, and doesn't
think that they can compare with Illinois. Bill does a lot
of dating and thinks that the girls here are a better class,
both in looks and personality, than the girls on the other
campuses. The spirit here is very good, and Bill says that
he wouldn't e\er want to go to any other school. Dances
and picnics have a particular fascination.
Although Bill is in the Field Artiller\, he would like
to transfer to the groimd work of the air corps when
he enters the army, which will likely be this spring. When
he comes back from the army, he would like to get into
either sales or promotion work, especially the production.
Bill has particvdarly liked refrigeration, and has a 3.S aver-
age in mechanical engineering.
MATTHEW FINN
Matthew Finn is the industrious business manager of
the Illio. Matt, as he is better known to all his friends,
is aLso a member of A.S.M.E., Ma-Wan-Da, and vice-
president of his house, Sigma Chi.
Working on the Illio as business manager takes most of
Matt's time. He finds that it requires almost all of his
free time in the afternoons. It was through the Illio that
he received the honor of being elected to Man-Wan-Da.
He finds that the Illio is not only interesting work, but it
also helps his personality. Matt believes that the business
education he receives combined with his engineering will
be very \aliiable to him later in life.
Matt ge[ierally spends his spare time catching up on
some extra sleep or participating in some sport. He partic-
ularly likes basketball, \olle\- ball, touch football, and ping
pong. He says that the wa\ to be able to get in activities
and school work at the same time is to co-ordinate your
schedule so that you have time available when your activity
requires it. If a person is going to go through college he
should be sure and get into .some extra-curricular activity.
Matt knows that it has sure helped him.
Dark-haired, slow-talking Matt bflic\cs that the co-eds
are an a\erage group of girls, particularly likes the university
dances and the stag jiarties.
K\\ CHUCK
BILL M.ATT
RAY DEVORKIN
Ra\' is a member of Tau Beta Pi, Phi Eta Sigma,
S.B.A.C.S., and president of Keramos. He has been a
member of a championship intramural .softball and basket-
ball team. He also is a "pretty good bowler" on a bowling
team.
Ray said that he was too bus\' to have main hobbies,
but he guessed that playing cards, going to shows, and,
believe it or not, reading Siifiennan were his main pastimes.
He says that he really spends more time than he should
playing cards with his roommate.
Ray lists light wa\es, and refractories as his favorite
subjects. ]?eing a little modest about his grade average,
Ray refused to commit himself, but his roommate said that
it was plenty high. Ray eventualh hopes to become a head
of plant production in Ceramic luigineering.
The campus, Ray believes, is too large. However, it is
still the nicest campus in the Big Ten. When asked about
the co-eds, Ray replied, "I ain't talking, but— . M\ phil-
osophy is: Life is but the ephemeral ecstacy experienced
within the ethereal depths of effemeiiate excursions." Wow!
CHARLES SGHOTT
A niusicalU' inclined engineer is Charles (i. Schott.
Charles, better known to his friends as "Chuck" or "Buck, "
is the man behind the scene in the productions of the Star
Course. As senior manager of the Star Course, he is kept
very bus>' and generally puts in about 16 to 20 hours a
week on the job.
Chuck is in other activities besides the Star Course. He
is a member of Tribe of Illiiii, Dolphins, Scabbard and
Blade, Skull and Crescent, Ma-Wan-Da, and is a Cadet
Captain in the Coast Artillery. He has also been a member
of the varsity Water Polo team and the track team. Chuck
is a strong, husk>-, robust fellow, and he used his fine phy-
sique to good advantage in putting the shot.
Chuck also has quite a collection of hobbies. One of
them is collecting guns. He has been interested in, and has
(Please See Page IS)
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LEADING the attack on the production
backlog by shaping steel and build-
ing it into ships, tanks, armored trucks
any many other defense items, is in-
dustry's modern production tool — the
Airco Oxyacetylene Flame. It slices its
way through steel of any thickness up
to 30" and more, cutting it to the de-
sired contour with unrivalled speed and
accuracy. This versatile tool flame ma-
chines metal with astonishing speed;
hardens steel to any desired degree
and depth; cleans metal surfaces for
quicker and longer lasting paint jobs
and welds metal into a homogeneous
lastingly strong structure.
To assure the maximum efficiency
from this modern production tool, Airco
has developed a complete line of ma-
chines and apparatus. Airco has in-
creased its manufacturing of oxygen
and acetylene and distributing facilities
to meet the accelerating demand. So
that the Airco Oxyacetylene Flame
may be used most efficiently and eco-
nomically. Air Reduction offers industry
the cooperation of a staff of experi-
enced engineers, skilled in the use of
this modern tool.
An interesting booklet, "Airco in the
News", tells a picture of this Airco pro-
duction tool and the numerous ways in
which it is aiding the defense program.
If you want a copy write to the Airco
Public Relations Department, Room
1 656, 60 E. 42nd St., New Y'^rk, N. Y.
REDUCTION
^.'€//€/'</,/0/pc,v«-j.-
ANYTniNG AND EVERYTHIIVO FOR GAS \»EI. ni;
60 EAST 42nd STREET, NEW YORK, N. Y.
/n Texas:
Magnolia-Airco Gas Products Co.
DrSTRICT OFFICES IN PRINCIPAL CITIES
O II « I- T T I IV « X ^' n .\ R < W E I. D I X >r
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SKY HOOKS or NEW SPRINGING *
for Your Car . By Robert E. McClearyJunior in M cchiiiiiciil EHi^inecritui
As far back as 1925, an excellent le-
view on springing theory was published
b\' Prof. James J. Cluest, Institution of
Automobile Engineers, entitled "The
Main Vibrations of an Auto Car." It
was not until 193S. however, that the
results of practical applications of this
theory were made public. About that
time, independent springing was first in-
troduced to the American public and
studies in spring rates and weight dis-
tribution were being religiously pvir-
sued. Europe has long used various
and sundry types of independent wheel
suspension, all American types being
foreign adaptations.
The three main factors affecting the
riding qualities of a car are:
1. Spring rate . . . determines the
extent of shock transmission to the pas-
senger and of direct wheel and chassis
motions caused by irregularities of the
road.
2. Shock Absorption . . . provision is
necessary to diminish succeeding motion
of chassis caused by energy stored in
springs due to road irregularities.
3. Bod\' Roll . . . must be compen-
sated for as the horizontal forces (cen-
trifugal force) acting through the mass
center of the sprung weight cause an
outward angular rotation of the body
when cornering.
Consider the first factor, spring rate
(lb. per inch). Softer springs, springs
which deflect appreciably with small ad-
ditional loads, have lower spring rates
and are being used wideh' in the later
cars. However, these softer springs
have definite limitations. They tend to
cause excessive body roll in cornering
and fail to return the wheel to the road
quickh when sharp road irregularities
are encountered at high speeds. This
makes for insecure steering and decreases
stability. Also, soft springs tend to
"bottom" easily over rough roads and,
being sensitive, tend to lower or raise
the general body level excessively as th'.-
passenger weight varies.
And thus it is that we consider the
second factor, shock absorption, or spring
damping. To date no complete solution
has appeared for damping of wheel and
body movements resulting from stored
energy after the passing over of road
irregularities. Adequate shock absorb
ing devices must be free of viscous dra;i
and unaffected by temperature change,
friction and inertia effects.
Consider an automobile mo\ing over
an irregular road. The spring-mounted
body has a natural frequency of its own,
and often resonates to the reactions of
the springs as irregularities of the road
are encountered. This motion ap-
proaches simple harmonic motion if, and
only if, the spring frequency of the front
wheels is nearly that of the back wheels.
Otherwise, severe pitching results. Most
cars of today have the mass center moved
forward to nearly the midpoint between
the front and rear wheels, thus more
evenly distributing the body weight on
the wheels. This makes possible the us'j
of springs of the same frequenc\' on both
front and rear. In addition to the
above-mentioned movement, there is the
separate and distinct movement of the
wheels which follow the road irregulari-
ties.
Now with this picture in mind, let
us consider what effects a damping de-
vice (whose function it is to di.ssipate
the stored energy evenly in order to halt
bouncing) will have in various positions
of the wheels relative to the body. There
are four major cases to consider in the
body-movement cycle:
1. Damping on the compression
stroke (wheel mo\ing upw.ird ) with
Air-Spring H|)])lii'ali(iii iiii llie (Dnl rri>iit\vlii't'l autoiniiliilc
of 1!)37.
body moving upward tends to aggra-
\ ate the movement.
2. Damping on compression stroke
when the body iiio\es downward a little
later in the cycle is desirable, as it tends
to halt body displacement.
3. Damping on the recoil stroke
( wheel moving downward ) with bod\'
mo\ing upward, tends to minimize bod\
motion and is desirable.
4. Damping on the recoil stroke
(wheel moving downward) with body
moving downward, tends to increase
body motion and is undesirable.
Actually the work cycle of an ideal
damping device approaches that of the
spring itself, which might suggest that
the solution lies in a spring construction
with inherent damping properties. Re-
member, that with true aperiodic damp-
ing there is no succeeding cycle. Thus
there is no frequency, as the displace-
ment from roa(] irregularities is limited
to one cycle. This is the ideal case for
which spring engineers strive.
We now come to body roll, the third
factor. As already mentioned, softer
springs with lower spring rates, (lbs.
per inch, not frequency per unit of time,
which is known as the frequency value
of a spring) tend to ofYer less resistance
to the angular outward rotation of the
body on ciu'ves. This action could be
eliminated if the mass center of the car
was below the suspension points. De-
signers have long tried to lower this
gravity center, but without complete
success. The usual method of controll-
ing body roll has been to affix a tor-
sional membei' between front or rear
wheels or both. L nfortunately, such a
member increases the spring rate and
causes the loss of riding comfort gained
by decreasing the rate in all cases ex-
cept when the actions of the paired
wheels aie in the same direction and
equal in extent, a very uncommon thing
in actual road experience.
There are some other factors which
give present day spring designers bad
headaches. The friction of spring leaves,
shackles and joints present a bad prob-
lem in relation to small vibrations trans-
mitted by wheels mo\ing over such sur-
faces as "washboard" roads. The fric-
tion of a spring system is the weight
required to start deflections in the oppo-
site direction from previous spring
movement. This weight can more
clearly be thought of as the weight that
must be added to the fender above a
wheel in order to start deflection down-
ward when the car is idle at a cvub.
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ILUMP OF ZINC ORE— unattractive, insignificant, common-
place!
But with the light of science shining upon it, let YOur
imagination visualize the reflections which emanate from it!
In defense: on land, on sea, in the air. Zinc is an essential
in the construction of ammunition/ armament, battleships, air-
planes. In industry. Zinc enters vitally into the construction of
engines, tools and machinery. In agriculture. Zinc in one form
or another protects homes, crops, orchards, animals. In ways
almost infinite in variety. Zinc is used to effect economy, increase
efficiency, improve safety, augment profits.
It pays to KNOW about Zinc. If is essential in defense. In
the period of America's greatest industrial development. Zinc
has rendered indispensable service; it is reason-
able to expect that it will be utilized even more
extensively in the greater developments yet
to come.
An interesting mine-to-market story of Zinc
is told in "The Zinc Industry," a booklet that will
be sent free to any teacher or student who asks
for it and gives the name of the school with
which he is cormected.
AMERICAN ZINC INSTITUTE
/ncorporafed
60 East 42d St., New York, N. Y.
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This friction is as high as 125 lbs. per
wheel in some cars and as low as 80 lbs.
in other cars. Actually this means that
all forces from road irregularities below
125 lbs. (or SO lbs., depending on the
case) are transmitted from the wheels
directl.v through the linkage to the bod\
and pa.ssengers.
The high frequenc\' of the tire oscil-
lations is another thing with which to
contend in spring design. Damping of
these vibrations further complicates the
shock absorbing design.
I nsprung weight causes trouble no
end and is something with which few
la\nien are familiar. AH weight not
suspended by the springs is unsprung
weight. This includes the wheels, tires,
axles, springs, and certain parts of the
linkage. Such unsprung weight is dis-
placed e\ery time a road irregularity is
encountered. The high velocities of this
displacement under abusive driving of
today's conditions of high speeds to-
gether with tile sharp reactions from the
tire's high frequency rates, set up inertia
forces of quite an unpredictable nature
and frequency; unpredictable because it
depends upon the speed of the vehicle
and the type of road traversed, both
highl\' varying quantities.
With all these things in mind the
Firestone Tire and Rubber Co. set out
several years ago to produce a suspen-
sion member with inherent damping,
roll resistant, ami varying spring rate
characteristics and with a low natural
THE PENIHI.l .M V.\LVK
Hody roll ami sliock al>s()ri)ti()n are con-
ti-Dlled by tliis simple valve. The penilu-
luni (.")) s«iiii;s uutwardly when rounding
turns permitting valve disc (li) to close
inwardly, thus producing tlie higher rate
of the bellows available for resisting body
roll. Similar action prevents nosing down
from brake applications. Kecoil control
results from valve (li) viosing downward-
l.v, thus delaying the return of air from
the reservoir by directing the flow through
the restricted part Ci).
frequency. Their answer is called the
'.\ir-Spring' and consists of a rubber-
fabric bellows, intermediate damping
valve, and an air reservoir, compressed
air being the shock absorbing medium.
Variation of these three elements (in
size or design) make it possible to adapt
it to almost every type of passenger au-
tomobile.
.An air-spring with means for axle
attaclunent weighs approximately 2 lbs.
compared with from 10 to 55 lbs, for
steel springs. Thus unsprung weight
is greatly reduced. In tests, this device
withstood 8,000,000 2-inch deformations
uiuler 25' ( overload. Road tests have
been equally favorable in indicating a
tit-xing life appreciably beyond that here-
tofore demanded for suspensions.
Another spring of revolutionar\ na-
ture has been designed by the Goodrich
Rubber Co. It is called the Torsilastic
spring and consists of a large tubular
rubber bushing which is bonded to a
frame-fixed tube and lower control arm
shaft of a transv'erse suspension link-
age. Advantages claimed are freedom
from lubrication, rattles, squeaks, and
less transmi.ssion of road noises. It is
said to stiffen up as speed increases.
All in all, the ride engineer will be
expected to do great things for our fu-
ture riding comfort.
Luikin Chrome Clad Steel
Tapes are today's out-
standing value. Jet black
markings are easy to read
against the satin chrome
surface that won't rust,
crack, chip or peel.
WRITE FOR CATALOG
NEW YORK
I06 La(.,>tl> Si.
THE/uF/ffitPulepp.
SAGINAW, MICHIGAN WINDSOR, ONT.
TAPES -RULES -PRECISION TOOLS
IT'S A SELLER'S
MARKET FOR USED
BOOKS
Bring 'em in
for highest prices
University Book
Stores
601 E. DANIEL
202 E. MATHEWS
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Here's the Glass pump that couldn't be built . .
.
The engineer from the Chemical Works
had one of his usual headaches.
*^We're pumping hot corrosive acids
through your glass pipe, and it lasts for
years." he moaned, "and the works bogs
down because the pumps can*t take it!
Can't you people build a glass pump?"
It sounded impossible. Pump makers said
it couldn't he done. Sucli a pump required
not (tnly highly resistant glass but also in-
tricate parts, accurate to thousandths of an
incli! Even Corning had doubts but decided
to tackle the problem.
Pooling its ideas with Nash Engineering
Company's knowledge of pumps. Corning
devised new methods of glass manufacture,
even a new type of glass for certain parts.
And today chemital, food and beverage
plants, and other industries handling cor-
rosive solutions have a glass pump that
works like a charm. Resistant to corrosion,
it eliminates a cause of product contami-
The Wash Glass Centrifugal Pump
t
left — crosn sfciioti: above
—coupled with driving motor, glass puiitp parts m ha<kground)
can handle up to 6000 gal. of corrosive acids and chemical fluids
per hour against a bS-ft, head.
nation and undesirable chemical reactions.
Resistant to heat shock, it may be cleaned
with hot acids. Transparent, it permits con-
stant visual inspection for cleanliness,
color, sedimentation.
In the same way. Corning research for
three quarters of a century has licked such
glass problems as the bulb for Edison's first
lamp, cooking ware for housewives, and
tiny glass springs for chemical equipment.
And in these days of metal-conservation.
Corning ability has reached a new high in
usefulness as engineers and produc-
tion men use glass to solve their
new problems. Industrial Division.
Corning Glass Works, Corning, N. Y.
cORNING
means
Research in Glass
JANUARY, 1942 17
TECHNOCRACKED...
By Edward C. Tudor
Senior hi lUectrical luif^huwrhii!
Well, well, well,—To coin a phrase, here «e are atjaiii,
you lucky people. We missed the boat the first couple ot
issues, but then nobody was aware of our absence for this
page was in other hands, so for spite dear readers we're
going to ruin another otherwise good issue. The circula-
tion will undoubtedly drop off, but so what, our advertisers
are already hooked.
This business of priorities seems to have the country in
an uproar. Just the other day we saw where the C^l'M
was requisitioning Marlene Dietrich's legs to popularize
cotton stockings.
However, we know of one lad who won't be bothered.
Henry Ford has just announced the development of a car
with a plastic body made from vegetable derivatives. This
verifies a long standing suspicion of ours that a Ford was
part automobile and part succotash. (Corny, isn't it? But
then so's the auto.)
We're all for the idea, though. But we hope that we
don't get another one of those engines made out of the iron
extracted from mashed potatoes.
On second thought, the idea isn't so novel. It's just a
case of reversing the process. Mr. Ford has been making
plenty of government lettuce out of automobiles.
It looks as though we're in the transition period between
the Age of Steel and the Age of Salad.
The principal ingredient of the car is the soy bean.
It has been used for a number of products in recent years.
This just goes to prove that any ambitious bean can get
ahead.
With the present 26 per cent cut in automobile produc-
tion it looks as though prices on this year's models will be
marked "OPM Detroit."
The automobile factory has bi'en turned into an arsenal.
\Iaybe this season's new cars will have such names as the
Blitzkreig Eight or the Blackout Special.
That is, provided there will be some new models to
name. From the present outlook the 1942 Automobile
Show will take place in an empty phone booth under a "No
Loitering" sign. .Maybe there's more truth than poetry to
the old gag where the customer says "I would like to see
a new car, " and the salesman replies "So would I."
The unemployment situation will undoubtedly be keener.
since we know of one contemporary wag who says that ;it
least 5(1 per cent of American labor is employed in the busi-
ness of thinking up dashboard gadgets.
World War II has taken on a new aspect. The latest
British idea for increasing the dark circles luider Der Fuer-
her's opulent optics involves a new unit of the arm\ known
as the Communicados.
To become one of the Communicados a man has to be a
combination of Flash (lordon. Superman, and The Green
Hornet. He has to be able to emulate a mountain goat, a
ground hog, or a katydid at a minute's notice.
These lads spend their evenings roaming over the coiui-
tryside of Occupied France engaged in such idyllic pastimes
as strangling German sentries, blowing up bridges, and scar-
ing h— 1 out of the whole German army. It's enough to
drive the (General Staff to drink; imagine the omnipresent
fear of being the next one to get a hotfoot with a British
hand grenade.
The regulation Comnuuiicado uniform is pitch black,
and to carry out the color scheme they blacken their faces.
Think of the mortification of a Shock Trooper who has been
blitzkrieged by a traveling minstrel show.
The most effective part of this boogey-man barrage is
the extreme silence with which the Communicados can get
around. All of which brings strongly to mind the thought
that one stands a pretty good chance of becoming .some-
thing more than a reasonably exact facsimile of a ghost.
As "Bugs" Baer puts it: "When you figure what hap-
pened to Norway, France, Greece, Iran and points smaller,
you can see a small country has its choice of entertaining a
burglar or a sneak thief.
"
Gag of the Month : He—"Do you believe in life after
death?" SHE—"No. But I believe in life before death
—
let's go!"
Heard at the last dance; "That's a nice dress you almost
have on !"
NAMES IN THE NEWS (from page 12)
been collecting gims since he was about ten years old. He
now has a collection that he values at $^0(). Among his
collection are two German pistols that are of particular in-
terest and \alue. He has started the other boys in his
house collecting guns, and they are always trying to trade
him out of one of the German guns. He collects a few
pipes and for further diversion enjoys aviation. He holds
a pilot's license, and think> that aviation is a lot of fun.
i
Kaptain Klean Says—
DO YOU MEN F^EAD THIS PUBLICATION?
DO YOU RE.AD THE .ADDS?
If so, won't you cut this out and take it to the L.A.UNDRY DEPOT, SOS
South 6th street and we'll give you a pencil— if you want to keep this maga-
zine intact just drop in and ask for the pencil anyway and say "K.AP I
READ YOUR ADD IN THE TECHNOGR.APH
!
WHITE LINE SERVICES PHONE4206
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When the war is over, machinery
of all kinds will be closely scrutinized for its
ability to meet the changed conditions.
Thousands of machines will be redesigned to
give them higher speed, greater precision
and lower operating costs in order that their
users will be able to compete at a profit.
The greatly increased use of Timken Tapered
Roller Bearings will be one of the most Im-
portant factors in securing these results. In
many machines
—
previously only partially
Timken Equipped—Timken Bearing advan-
tages will be extended to every rotating
member. Many other machines will be
given new and higher standards of perform-
ance through the use of Timken Bearings
for the first time.
When you have gained a thorough under-
standing of Timken Bearings and their
application you will be able to solve any
bearing problem you may encounter
and get 100% results. Begin to acquire
that knowledge now; send for a free
copy of the Timken Reference Manual.
THE TIMKEN ROLLER BEARING
COMPANY, CANTON, OHIO
TIMKEN
TRADEMARK REG U S. PAT. OFF.
TAPfm ROLLER BEARIHBS
Manufacturers of Timken Tapered Roller
Bearings for autonnoblles, motor trucks,
railroad cars and locomotives and all
kinds of industrial machinery; Timken
Alloy Steels and Carbon and Alloy Seam-
less Tubing; and Timken Rock Bits.
(r'BCamfiusA/ews
STEP ON TH£ GAS/
STEPPING on the gas to produce a speed increase of
six teet per day along a highway wouldn't break an\
speed laws. But six feet extra per day mukes' engineers
hang on their hats when the traveling is through solid
rock. And that's the added progress being made by the
company excavating the eastern portal of the new i v
mile Continental Divide tunnel by the installation ot a
new ventilating system utilizing G-E motors and control.
The system saves 20 minutes in the time between
shooting each blast in the tunnel and getting back to
drilling again. Fans spaced along the tunnel start up
immediately after the blast, suck out the gas and smoke,
and then reverse and blow fresh air into the tunnel.
The fans start in sequence, with an interval of 20 seconds
between each, so as to prevent building up large differ-
ences of pressure.
The tunnel is being excavated by the S. S. Magoffin
Company, under the direction ot the U. S. Bureau of
Reclamation, to bring water for irrigation and power from
Grand Lake, on the western slope of the Continental
Divide, to the eastern slope.
CR££py BUSINESS
OTEEL, or any other solid material for that matter,
^-^ deforms and creeps when subjected to heat and
stress. But how much a given piece of steel in, say, a
steam turliine, is going to creep during its life of 10 nr
20 years is something a designing engineer can't wait
10 or 20 years to find out.
That's why all sorts ot accelerated creep tests have been
tried—ways to get a hurry-up prediction of the behavior
ot metal in service. Dr. Saul Dushman (U. ot Toronto
'04), assistant director ot the G-E Research Laboratory,
has thrown some new light on this problem by devising
a method that produces extensions in length ot as much
as half a per cent an hour. By it he can get information
in a day or two that would have required months by older
methods.
The method consists of loading a thin wire ot the metal
with a weight, heating it with an electric current to a
bright red heat in an atmosphere of nitrogen, and measur-
ing the extension. The results seem also to suggest that
creep does not occur atom by atom along the length,
but rather in the movement of groups of atoms numbering
from <;o to 1000.
95% PERFECT
]\ /f ll,AI)'\' will find her reflected charms brighter If
-^ -* her mirror is coated with silver, but that reflection
will wear better it the coating is aluminum. That's what
Frank Bentord (I . ot Michigan '10) and \V. A. Ruggles,
ot the G-E Research Laboratory, found when they tested
T,~ kinds ot mirror surfaces.
Silver evaporated onto the front surface ot the mirror
from an electric filament reflected 9<; per cent ot the in-
cident light. The initial score tor aluminum was only 88
per cent. But six months later the aluminum mirror was
just as good as ever, while the sil\ er one had deteriorated
considerably.
Gold, incidentally, scored third among the pure metals,
reflecting S2 per cent ot the light. But while all the other
metals gave their best results when evaporated on the
front surface ot the mirror, gold worked best when de-
posited on the back, as is the practice with ordinary
looking glasses.
GENERALS ELECTRIC
